Recently, we reported a multicopy mammalian plasmid with a structure related to polyoma (1). The plasmid, named L factor, was found at a high copy number (5,000 or more per cell) in a subclone derived from mouse L cells. We attempted to utilize L factor as a plasmid vector for mammalian cells. A series of composite DNA consisting of L factor and a foreign (herpes simplex virus tk) were constructed.
IHTHOOUCnOW
In recent years, considerable attention has been focused on mammalian cell plasmlds which can be maintained as such while carrying expressible cloned genes.
Because of their simple structure, relative to that of chromosomes, these plasmids provide useful tools for studying DNA replication mechanism and gene expression in mammalian cells. One of the well studied mammalian plasmids is derived from the bovine papilloma virus (BPV)
genome. Howley and his group (2) have found that a specific segment of BPV DNA, consisting of 69* of the total BPV genome, is still able to transform mouse cells while remaining as a plasmid in the transformed cells.
Subsequent studies from several groups have demonstrated that genes integrated in the BPV DNA can be expressed (3) (4) (5) . Apart from BPV, Epstein
Barr and BK viruses have also been demonstrated to be potentially useful plasmid vectors in mammalian cells (6) (7) (8) . In papovaviruses, attempts have been made to establish artificially altered DNA molecules, derived from SV40 or polyoma, as plasmids after transfection. For example, pSV-gp_t and similar composite DNA can be established as plasmids in a certain COS cell ©IRL Press Umhed, Oxford, England.
(BMT) which produces SV40 T antigens under the control of a metalothionein promoter (9) . However, the plasmids thus established do not seem to be maintained stably in the cells. It is quite common during prolonged culture for the plasmids to be diluted out unless selective pressures are exerted, and for the DNA molecules to undergo a substantial degree of rearrangement or deletion. An integration of the DNA into the host chromosomes is also frequently observed. At present, the molecular mechanisms of DNA establishment and maintenance as plasmids are not well understood.
Recently, we have demonstrated that B822, a subclone from mouse L cells, contains plasmids with very high copy numbers (more than 5,000 copies/cell) (1) . These plasmids, named L factors, consist of two different moieties, one with 5.3 kb (LF-I) and the other with 5.5 kb (LF-II). The B822 cells carrying the plasmids grow normally, exhibiting no detectable physiological abnormalities. The plasmid was stable at 35 C or below but rapidly lost stability at 37°C. The restriction map and the total DNA sequencing of the L factors revealed a relation between the L factors and polyoraa, one roost striking difference between them, however, lying in the enhancer region. The coding frames for early, as well as late, genes were also altered in addition to changes in a small percentage (-3) of the single base pairs scattered along the total chromosome (10) . It seems that L factors and polyoma have a common anceBtral origin.
In this paper, we report the use of L factors as plasmid shuttle vectors and describe the basic characteristics of the vector system. (14) , was ligated to pdLF-I and pdLF-II which had been partially digested with BamHI. After transformation of E_^ coll (HB1O1), the following composite DNA were obtained (see Fig. 1 for diagramatic representation):
MATERIALS AW) METHODS
pdLF-I(tkl), 11.5 kb; pdLF-II(tkl), 11.7 kb; pdLF-I(tk2), 11.5 kb;
pdLF-II(tk2), 11.7 kb; pdLF-I(tk3), 9.6 kb; pdLF-II(tk3), 9. 
DNA Isolation
Extrachromosomal DNA was isolated according to Hirt's procedure (15) .
In essence, approximately 10 cells were lysed with 1 ml 0.6% sodium dodecyl sulfate (SDS) in TE buffer (10 mM Tris-HCl, pH 8.0, 10 mM EDTA), and after the addition of 0.2 ml 5 M NaCl, the lysate was left overnight at 4*C and centrifuged at 15,000 x g for 30 min at 4°C. DNA was extracted from the supernatant using the phenol procedure (16) . Total DNA was isolated from the SDS lysate also using the phenol procedure having first treated the lysate with pancreatic RNase (100 ug/ml, 2 hr, 37°C) and proteinase K (300 Ug/rol, 5 hr, 37°C).
Southern Blot Hybridization (17) DNA was subjected to electrophoresis on 0.7% agarose gel in 40 mM
Tris-HCl, pH 7.8, 5 mM Na-acetate, and 1 mM EDTA. After electrophoresis, the DNA was denatured, transferred to a nylon membrane (Blodyne A), baked at 32 80 C for 2 hr and hybridized to an appropriate nick-translated P-probe.
Autoradiography was performed using Kodak X-Omat AR films. LF-I in pdLF-I, respectively, were designated pdLF-I(tkl) (11.5 kb) and pdLF-I(tk2) (11.5 kb) ; pdLF-II(tkl) (11.7 kb) and pdLF-II(tk2) (11.7 kb) were similarly constructed from pdLF-II. We also constructed a set of composite DNA carrying the tk gene which lack a DNA sequence between the two BamHI sites. The deleted DNA sequence comes partly (0.3 kb) from pML2d and partly (1.6 kb) froo L factors. These composite DNAs were designated pdLF-I(tk3) (9.6 kb) and pdLF-II(tk3) (9.8 kb). Besides these, we also hybridization using the HSV tk DNA fragment aa a probe. As seen in Fig. 2 , a large percentage of the Tk colonies (eight out of eleven) produced DHA bands, the molecular sizes of which were equivalent to those of the original composite plasmids (11.7 kb) . From the intensity of the bands, we estimated between 10 and 100 copies of the DNA to exist in the extrachromosomal fraction.
RESULTS

Composite
This number is considerably lower than that of the original L factors which ranges from 5,000 to 10,000 copies/cell. From the nobility of the DNA in the gel, it appeared that the majority of the recovered DNA had maintained the original molecular structure. These results suggest that composite DNA can be established as a plasmid in B822 cells after transfection while maintaining the original DNA structure and expressing the gene (tk) integrated into the DNA.
Essentially the same experiments were performed using ordinary mouse Bubjected to electrophoreais and analyzed by Southern hybridization using HSV tk DNA as a P-probe. At least, three out of the seven Tk + clones with pdLF-II(tk3)C (Fig. 3A, lane 1-7 ) and four out of the eleven Tk + clones with pdLF-II(tk3)AC showed a discrete DNA band which hybridized with the probe (Fig. 3A, lane 9-19 ). Essentially the same experiments were performed with pdLF-II(tk2)AC in which two out of thirteen Tk + transformants showed a DNA band which hybridized with the probe (Fig. 3B) . The copy number of the plasmids ranged from one to several dozen/cell and showed no sign of DNA rearrangement or deletion. These experiments also showed that the C or AC direction of the inserted DNA sequence does not significantly affect the frequency of the plasmid establishment, and that the DNA sequence between BamHI and Sail, which was originally present in L factors, is not required for plasmid establishment. On a smaller scale, we observed the presence of similar DNA in Hirt supernatant from Tk transformants obtained with other composite DNA. In most cases, between 10 and 60% of Tk colonies showed DNA bands in the Hirt supernatant (data not shown).
We also carried out an examination to see if any of the composite DNA was integrated into the chromosomes. For this, chromosomal DNA, rather than Hirt supernatant DNA, from Tk colonies obtained by transfection with pdLF-II(tk3)C and pdLF-II(tk3)AC was digested with Bglll (which produces one cut in the DNA) and the digested DNA was subjected to Southern blot hybridization after electrophoresis. As seen in Fig. 4 , a single hybridized band from all the Tk transformants was detected except for two (lanes 3 and l-ft The extra bands could be degraded or rearranged plasmid DNA, or DNA integrated in the chromosomes.
These results indicate the composite DNA to be predominantly present in the extrachroraosomal fraction. We had already shown, in B822 cells, the L factors to be exclusively located in the extrachroraoaomal fraction without any sign of integration into the chromosomes (1).
DNA Replication during the Process of Plasmld Establishment
We examined the original composite DNA introduced in the cells to see if it had, in fact, become a self-replicating unit, i. e. a plasmid. Extrachromosomal DNA was recovered from one of the Tk cells and treated with a restriction DNase, either Dpnl which cleaves methylated DNA or Hbol which cleaves demethylated DNA. E. coli was transformed with these treated DNA E^ coli (DH5) was transformed with these DNA (12) , and Amp transformants were scored. For details, see Materials and Methods. and the number of Amp transformants were compared. As seen in Table 1 A detailed analysis of these cell lines carrying L factor plasmids, and the mode of gene expression, will be reported elsewhere.
DISCUSSION
As described above, L factors which were discovered in the B822 mouse L cell line can be re-established as plasmids, even after ligation with pBH322
and a foreign gene. The maintenance of the original DNA structure for prolonged culture will be advantageous for using L factors as plasmid vectors in studies on DNA replication and gene expression in mammalian cells. Furthermore, in contrast to most of the other plasmids used as vectors, the presence of L factor plasmids, in mouse cells at least, seems to be a neutral ones causing no apparent abnormalities in cell physiology.
To support this, we have recently observed that F-9 mouse teratocarcinoraa cells, which carry a composite plasmid consisting of L factor and bacterial neo gene, differentiate by retinoic acid in vitro with the same efficiency as control cells (Nishimori, manuscript in preparation).
In the previous paper (1) papovaviruses DNA as a plasmid to be a rather complex phenomenon which may require co-ordinated functions derived not only from the plasmid itself but also from the host chromosomes. Work on these lines is now in progress.
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